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发剂，利用 PVP 高分子链在 Au 颗粒表面构建了 pH 响应性的半互穿凝胶网络壳
层。与此同时，通过改变 H2O2 的加入量，可以在聚合过程中实现 Au 纳米颗粒
的形貌调控，合成了含有多面体或树枝状 Au 核的核壳式杂化微凝胶。另外研究
表明，高度多孔的半互穿凝胶网络壳层不仅赋予 Au 纳米颗粒良好的抗团聚功能，






























































Noble metal nanoparticles (NPs) present excellent catalytic activities due to the 
quantum size effects and surface effects caused by their small size. However, the 
small size and highly catalytic surface also induce the noble metal NPs sintering, 
aggregation or hard to separation when they are used as catalysts. Polymer microgels 
are three dimensional cross-linked polymer networks that combine the properties of 
solids and fluids, which give rise to the fluid-like transport properties for the 
molecules significantly smaller than the gel pore size. Meanwhile, the flexible 
polymer chains containing rich functional groups can absorb and isolate the 
encapsulated NPs, protecting them from leaking out of the gel or aggregating into 
bulk metals. Especially, it’s better to construct smart composite catalytic system by 
using environment stimuli-responsive polymers, which facilities us to control the 
reaction process or realize other functions, such as separation of the nanocatalysts. 
However, designing the composite microgel systems with high catalytic activity, 
long-time stability, easy to separate and good regulated performance remains a 
challenging topic nowadays.  
Herein, we demonstrate three new types of responsive Au@polymer catalytic 
systems through designing the structure of the microgels and the mophology of Au 
nanoparticles. Our accomplishments may be summarized as follows:  
  (1) Denoted as “One-pot synthesis of pH-responsive catalytic Au@PVP hybrid 
nanogels”. In this work, we prepare pH-responsive hybrid nanogels comprising a 
specific shape Au core and a highly porous semi-interpenetrated PVP gel at mild 
polymerized conditions without the use of harsh azo initiators, which may lead to 
passivation or even etching of the highly active surface atoms of noble metal NPs. 
This hybrid system possesses a highly catalytic irregular Au NP and a highly porous 
semi-interpenetrated nanogel demonstrating both a pH modulated catalytic activity 
















(2) Denoted as “Controlled synthesis of thermo-sensitive asymmetric Au@ 
p(NIPAM-MAA) hybrid colloids”. Inorganic-organic hybrid asymmetric colloids 
prepared with a soft, responsive p (NIPAM-MAA) polymer are demonstrated here, 
which is very different from previously reported hybrid colloids only fabricated with a 
rigid, morphology easily controlled polymer, such as PS or PAN. Janus colloids 
consist of a thinner p (NIPAM-MAA) shell on one side of the Au core and a thicker 
shell on the opposite side. While the thinner shell provides a shorter diffusion 
pathway for reactants to reach the Au core, the thicker shell endows the nanostructure 
with long-term stability against dissolution and aggregation. Moreover, this new type 
of responsive Janus particles presents unique thermo-modulated catalytic process. 
(3) Denoted as “Responsive Au@polymer hybrid microgels for the simultaneous 
modulating and monitoring of Au-catalyzed chemical reaction”. Hybrid microgels are 
made of Au NPs covered with a temperature and pH dual-responsive copolymer gel 
shell of p(PNIPAM-Am). The introduction of smart polymer shell onto Au NPs can 
not only allow modulating the catalysis of the Au core but also allow label-free in situ 
localized surface plasmon resonance (LSPR) monitoring of the kinetics and 
thermodynamics of the catalyzed chemical reaction. Unlike conventional 
spectroscopic methods that only reflect the overall information occurred in the 
reaction system, the label free in situ LSPR monitoring gives local information 
occurred on the catalytic surface and therefore has the potential to advance our 
understanding of the catalyzed chemical reaction. 
 


























纳米材料指三维空间中至少有一个维度在 1-100 nm 范围内或由它们作为基
本单元构成的材料。纳米结构的特殊性使其具有许多独特的性质，因此纳米材料
成为材料科学领域 热门的研究课题。科学家们把纳米材料誉为“21 世纪 有前
途的材料”。 







































寸效应，又称体积效应。例如，宏观贵金属 Au 的熔点超过 1000 ℃，但是小于
10 纳米的 Au 颗粒熔点可降至 400 ℃以下。 
（2）表面效应 
表面效应指纳米粒子表面原子数与总原子数的比值随着粒径变小而大幅度
增大后所引起的性质上的变化。例如，直径 20 nm 的粒子表面原子约占到 20%，







级或者能隙变宽的现象。20 世纪 60 年代，Kubo 采用电子模型求得金属纳米晶
粒的能级间距 δ为： 
                     δ=4Ef/3N                     （1）                      
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